The ability of bentonite to remove CUll from aqueous and acidic solutions at different pH values has been studied for different adsorbate concentrations by varying the amount of adsorbent, temperature and shaking time. The maximum (85%) adsorption of CUll was achieved from aqueous solution at pH 3.8. The inlluence of different anions and cations in the 0-1000 ug/ml concentration range on the adsorption of copper under optimized conditions has been examined. A llame atomic absorption spectrometer was used for measuring the copper concentration before and after adsorption. Isotherm analysis of the adsorption data obtained at 25°C, 30°C, 40°C and 500C showed that the adsorption of copper((l) on bentonite could be described by both the Langmuir and the Freundlich isotherms. Values of~Ho and~SO were calculated from the slope and intercept of the In K D versus Iff plots.
INTRODUCTION
The adsorption of copper(1I) on peat (Gardea et al. 1993a,b; Viraraghavan and Dronamraju 1993) , goethite (Kooner 1993) , manganese oxide (Verweij 1993) , tea leaves and coffee powder (Tan 1985) has been the subject of several investigations. The adsorption of copper on clays has been studied from different viewpoints (Atanassova 1995) . As a clay, bentonite has been used for the adsorption of a variety of elements including toxic elements and anions (Olguin et al. 1997; Paradas et al. 1993a.b) .
The objective of the present study was to investigate the efficiency of locally available silica! alumina-based bentonite as an adsorbent for the removal of copper(II) from different aqueous/ acidic solutions.
EXPERIMENTAL General
Locally available bentonite clay was used as the adsorbent. It was crushed, ground and washed with distilled water to remove dirt and other water-soluble impurities. It was then air-dried and activated by heating at 150-200°C for several hours in an electric oven.
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Instruments
N. Raul et al./AdsOIption Science & Technology Vol. /7 No.5 /999 The pH values of the various solutions were measured using an Orbeco-Hellige pH meter. A water bath with shaker (Yamato model BT-47) was used for shaking the vials. Centrifugation was performed with the aid of a BHG-Heka centrifuge. The concentration of the copper before and after adsorption was measured using a flame atomic absorption spectrometer (Unicam Solar-929 mode\). All measurements were made after optimization ofthe following parameters: wavelength. 324.8 nm; band width. 0.5; flame. air/C 2H2 (oxidizing); detection limit, 0.05 ppm.
Procedures
Adsorption measurements were undertaken using a batch technique and employing an atomic absorption spectrometer for copper determinations. Known amounts of bentonite in 250 ml reagent bottles containing 100 ml of a known concentration of CUll solution were shaken for a given time period. The solutions were then filtered and the concentration of copper before and after shaking measured by atomic absorption methods. The percentage adsorption and the distribution coefficient (K D ) were computed in the usual way (Hasany and Chaudhry 1984) .
RESULTS AND DISCUSSION Figure I shows that the percentage adsorption of CUll increased with time and attained an equilibrium value after 60 min at room temperature (25 ± 2°C). For this reason, shaking for 60 min was found to be appropriate for maximum adsorption and was used in all subsequent measurements. Figure 2 shows that the adsorption of Cult increased from 33% to 85% with the addition of adsorbent when a fixed CUll concentration of tOO ug/ml and a shaking time of 60 min was employed. It was observed that the maximum distribution coefficient was achieved when the amount of adsorbent added to the system was 1.0 g. Adsorption of CUD (85%) was achieved in deionized water without adding a buffer. Figure 3 shows the influence of various buffers of different pH value on the adsorption of CUll. Different selected buffers (Robert 1990) of pH value in the range 1.6-6.0 interfere with the adsorption of Cult on bentonite. the maximum value of 48% adsorption being achieved by using buffers of pH 2.5 value. The adsorption results indicate that the maximum adsorption of 85% was achieved by using deionized distilled water. Hence. deionized water was used in all subsequent experiments.
For pre-concentration/isolation, it is essential to have information about the adsorption behaviour of the metal in the presence of acids. For this reason, the variation of adsorption yield was investigated in solutions where the nitric acid, perchloric acid and hydrochloric acid concentrations ranged from I M to I x 10-6 M. The results obtained are illustrated in Figure 4 . which demonstrates that the adsorption yield decreased sharply as the acid concentration increased for all acids studied, thereby confirming earlier findings (Hasany and Chaudhry 1981). The present study has shown that adsorption was favoured at very low acid concentrations, with a maximum CUll adsorption of 85.5% being achieved in I x 10-5 M HCI solution. Lower adsorption at higher acid concentrations could be due to suppression of the hydrolysis of copper and the formation of complexes. Cone. of Cu" (~g/ml) O+-----"T""----""T"----...,.----~----_..
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Temperature (OC) Figure 6 . Effect of temperature on the distribution coefficient (K n) for the adsorption of Cu" on to bentonite. The experimental points relate to the initial concentration of Cu" in the system as follows: •• 100 ug/ml; •. 150 ug/ml: •. 200 ug/rnl. temperature was increased from 25°C to 50°C, an increase in adsorption was noted (Figure 6 ). Since diffusion is an endothermic process, the rate of sorption will increase with increasing solution temperature when intraparticle transport (pore diffusion) is the rate-limiting step (Saleem et af. 1992 ).
The thermodynamic parameters were calculated using the following relationships: (I) (2)
where Co is the equilibrium concentration in the solution (ug/ml) and C, is the equilibrium concentration on the adsorbent (ug/ml), Figure 7 shows the van't Hoff plots of In~versus lIT, the values of AHo and ASo being obtained from the slopes and intercepts of such plots (Fraji et al. 1992) . The values of ASo, AHo and AGO obtained in this study are listed in Table 1 .
5~=-:-- The Langmuir equation was applied for adsorption equilibrium (Afzal et at. 1989) :
where C, is the equilibrium concentration (mg/l), x/m is the amount adsorbed at equilibrium (mg/g), and Q o and b are Langmuir constants related to adsorption capacity and energy of adsorption, respectively. The Langmuir constants Q o and b were determined from the linear Langmuir plot shown in Figure 8 and found to be 4.75 and 100 l/mg, respectively.
The Freundlich adsorption isotherm (Rauf et at. 1989) was also applied to the removal of CUll by bentonite:
where C r is the equilibrium concentration (mg/l) and q is the amount adsorbed (mg/g). A plot oflog C, versus log q demonstrates that the adsorption appears to follow the Freundlich as well as the Langmuir isotherm as shown in Figure 9 . This was also observed in some previous studies (Namasivayam and Ranganthan 1993) . The effects of various anions on the adsorption of CUll on bentonite was also studied, the anions being added as their sodium salts over the concentration range 0-1000 ug/ml at a fixed copper concentration of 100 ug/ml under optimized conditions. The percentage removal and distribution coefficient for copper in the presence of these anions is depicted in Figures 10 and II. The presence of sulphite, thiosulphate, acetate and nitrate generally reduced the extent of adsorption whilst in the presence of carbonate and phosphate precipitation occurred instead of adsorption since the pH value was altered. The effect of various cations as their nitrates on the adsorption of Cu" on bentonite was also studied and the results obtained are shown in Figures   12 and 13 . Selected cations reduced the extent of adsorption in the order C0 2 + < Na' < Hg 2 + < Fe". The effects on adsorption were more pronounced at concentrations of 100 Ilg/ml or greater. For this reason, these ions should be removed from solution before undertaking the adsorption of Cu" on bentonite. 
